It is well known that internode elongation in cooled tulip bulbs is promoted by exogenously applied indole-3-acetic acid (IAA) at the cut surface of flower bud after removing all leaves. Only basipetal polar transport of IAA (or its metabolites) is responsible for the induction of elongation in flower stalk of tulips. Until now there has been no evidence which tissues of tulip shoots are responsible for the polar transport of IAA. In this study, after excision of all leaves, it was found that removal of only epidermis or excision of cortex at the length of 5 mm around different internodes did not prevent IAA transport from the flower bud to the base of stem since the normal growth in intact parts of stem took place. Also the application of IAA at the cut surface of flower bud after removing all leaves, and removal of epidermis and cortex or cut around internodes by razor blade did not affect shoot growth below the injury parts, suggesting that auxin transport is not disturbed. These data together with the fact that pith in tulip stem comprises both parenchyma and vascular bundles suggest that auxin is basipetally transported through pith tissues (parenchyma, bundles or both?). However, we cannot exclude the polar auxin transport of IAA in tulip stem by epidermis and/or cortex. Removal of epidermis in different internodes resulted in the inhibition of elongation in that internode. Based on these results described above, we conclude that not only the polar transport of IAA but also the presence of epidermis is required for the normal growth of tulip shoots.
INTRODUCTION
Tulip bulbs, with terminal buds containing a complete flower, require a period of 12-16 weeks of low temperature for floral stalk elongation (De Hertogh, 1974) . Stem and leaf extension of tulips is entirely due to the elongation of cells produced early in development (Gilford and Rees, 1973) . Op den Kelder et al. (1971) found that elongation of the last internode is promoted by exogenously applied auxins. Hanks and Rees (1977) suggested two mechanisms controlling the elongation of tulip stem; an auxin-mediated system, depending on auxin produced mainly in gynoecium which regulates the elongation of the upper internodes, and a gibberellin-mediated system which especially regulates the elongation of the lower internodes. Saniewski and De Munk (1981) and concluded that elongation of all internodes in cooled tulip bulbs is promoted by auxin, produced in leaves and flower buds, and that the auxin-release or auxin-response system was stimulated by gibberellins. Further studies suggested that the elongation of all internodes in tulips is controlled by auxin and gibberellins Uemoto, 1985, 1986; Saniewski, 1989) . Removal of exogenous auxin in different stages of tulip stem growth almost totally stopped further elongation of all internodes, thus the continuous supply of auxin is necessary for tulip stem growth (Saniewski and Wegrzynowicz-Lesiak, 1993) .
It is well known that IAA is metabolized in plant tissues. IAA might be decomposed or conjugated to other metabolites. We have earlier examined the distribution 200 of radioactivity in different parts and organs of tulips treated with labelled [1- 14 C] IAA on the top of the last internode after the removal of all leaves and the flower bud, as related to stem growth . Radioactivity was detected along the entire stem and in the basal plate, but only traces of radioactivity were found in the scales of the mother bulb and in the newly developing bulblets. It is interesting that the highest intensity of radioactivity was found in the upper part of the stem, then it gradually decreased towards its base. However, until now, we have not identified the radioactive constituents present in the stem and in the basal plate. It is probable that IAA or its metabolites control enzymatic mobilization of storage carbohydrates in the scales by producing the factor(s) in the basal plate which is/are transferred to the scales and stimulate(s) or induce(s) enzyme activities.
The aim of the present work was to examine the effect of removal of epidermis, cortex or some parts of pith on tulip stem growth induced by exogenously applied auxin on the top of last internode after excision of flower bud and all leaves.
MATERIAL AND METHODS
'Gudoshnik' tulip bulbs (10-11 cm circumference after lifting) were stored at 17-20°C until the end of October and then were dry-cooled at 5°C until planting in February-March. Before planting, the dry scales were removed and the bulbs were planted individually in pots and cultivated at a temperature of 17-20°C in natural light.
When the stem length was about 12 cm, all leaves were excised, and epidermis + cortex was removed around the base of highest (4 th ) internode (details in Fig. 1 ). In other experiments when the stem length was about 4 cm, the flower buds and all leaves were removed, and, in the place of flower bud, IAA at a concentration of 0.1%, was applied in lanolin paste. In some part of such treated plants epidermis and cortex around the base of different internodes (5 mm height) or along internodes at width about 3 mm were removed (details of treatments are presented in Table 1 and 2, and Fig. 2 and 3 ).
Five to 10 plants per treatment were used and experiments were repeated 2 to 3 times.
All data were subjected to an analysis of variance and Duncan's multiple range t-test was used to detect differences at the 5% level of significance.
RESULTS AND DISCUSSION
In tulip stem, the cells of the single-layer epidermis are narrow and elongated in radial pattern, and beneath, the cortex is about 7 cell layers thick. The tissue at the center of the stem, which comprises both parenchyma and vascular bundles is the pith. Vascular bundle comprises the phloem (outer part) and xylem (inner part) and in the center are the cells functioning as the cambium (Kauppi, 1976) .
After excision of the leaves, the tulip plant developed a long stem, similar to intact plants, and flowers developed normally (Fig. 1) , as was found previously . Thus, the flower bud produces enough of auxin for induction of growth of all internodes.
Removal of epidermis and cortex around 4 th internode partially inhibited growth of the internode only since the elongation of treated part internode was much weaker (Fig. 1) . This means that auxin produced in flower buds, mainly in gynoecium, is transported basipetally from the top to the base of stem without disturbance after removal of epidermis and cortex around internode.
The application of IAA to the cut surface of flower bud after removing of all leaves, and removal of epidermis and cortex around the base of different internodes or cut of epidermis, cortex and part of pith by razor around internodes, did not affect stem growth below the injured area and partially inhibited growth of treated internodes (Table 1, Fig. 2 ). These data suggest that auxin is basipetally transported through pith tissues (parenchyma, bundles or both?) in intact tulip stem. However, we cannot exclude the polar transport of auxin in tulip stem through epidermis and/or cortex.
Removal of part of epidermis and cortex along 3 rd and 4 th internodes substantially inhibited these internodes (Table 2, Fig. 3) . Thus, the epidermis is required for the normal growth of tulip internodes but it is not necessary for basipetal polar transport of auxin.
The epidermis appears to be especially important in the growth of stem and auxin mediated cell elongation is related to changes in the outer epidermal cell wall (Kutschera et al., 1987; Knauth and Klämbt, 1990) . It is thought that in intact organs there is compression of the inner tissue by the epidermis, which is released when the tissue is peeled. Such pressure of the cortial cells on the epidermis has been called tissue pressure. Niklas and Paolillo (1997) concluded that in tulip stem the epidermis, probably in conjunction with a single layer of subepidermal collenchyma cells, acts as a tension-stiffening agent that contribute as much as 50% to overall stem stiffness.
It is also important that removal of epidermis and cortex around internodes or deep cut around internodes did not disturb acropetal transport of sucrose, transportable sugars in tulip (Ho and Rees, 1976) , from bulb scales to all internodes where it is used for cell wall biosynthesis. Banasik and Saniewski (1979) found that the highest invertase activity occurred in the internodes during their active elongation, both in intact growing tulips and in tulips with IAA-induced stem elongation. necessary for tulip stem growth. J. Fruit Ornam. Plant Res. 1:59-66. 
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